Background: A two year seroepidemiological study was designed to find out the seroprevalence and risk factors of canine visceral leishmaniasis (CVL) among stray and owned dogs in Tehran and Alborz Provinces of Iran. Methods: Blood samples of 602 dogs living in 11 counties of Tehran and Alborz Provinces were taken by venipuncture in 2008-2010. After separation of blood sera, anti-leishmanial antibodies were detected by direct agglutination test (DAT). Results: Overall, of the 408 and 194 serum samples collected randomly from dogs in 11 localities in Tehran and Alborz Provinces, 18/408 (4.41%) and 12/194 (6.18%) respectively were found positive. Among the localities, Shemiran in Tehran Province and Karaj In Alborz Province had the highest prevalence rates. No statistically significant differences were found between sex and living place but there was significant difference between living status (owned or stray) and CVL infection of dogs in Alborz Province (P= 0.018). The highest seroprevalence (7.5%) was found in dogs aged 3 to 5 years old. Only 20% of the seropositive dogs were symptomatic. Conclusion: Concerning possible human infections in Tehran and Alborz Provinces, both symptomatic and asymptomatic seropositive dogs should be considered as a risk.
Introduction
Visceral leishmaniasis is one of the most important parasitic diseases affecting humans, domestic and wild canines worldwide. The infection is transmitted by sandflies. Reservoir hosts vary within different geographic areas and can include domestic or wild canines (Greene 2006) . Domestic dogs (Canis familiaris) are principal reservoir hosts for Mediterranean type of visceral leishmaniasis caused by Leishmania infantum (Mohebali et al. 2005) . The clinical manifestation of disease vary from asymptomatic, self-limiting infections to fatal visceral leishmaniasis.
Seroepidemiologic studies of canine leishmaniasis have shown a large number of asymptomatic seropositive animals in Meshkinshahr district of Ardabil Province (Moshfe et al. 2009 ). Canine leishmaniasis is not only a veterinary problem but also a serious public health concern. As the high proportion of infected dogs are asymptomatic, detection of specific antibodies remains the method of choice for mass screening of dogs in epidemiological surveys (Moshfe et al. 2008) . Several diagnostic tests are available to detect anti-Leishmania antibodies in canine sera. In the present study, 133 direct agglutination test (DAT) was used as it is a simple as well as a valid test and does not require specialized equipments (Moshfe et al. 2008) .
Up to now, Ardabil, East Azerbaijan, Fars, Bushehr and Qom Provinces have been recognized as endemic foci of canine visceral leishmaniasis in Iran (Mohebali et al. 2001 , Mohebali et al. 2005 , Fakhar et al. 2005 , Habibzadeh et al. 2007 , Farzam et al. 2007 , Moshfe et al. 2008 , Khanmohammadi et al. 2010a , Khanmohammadi et al. 2010b .
The objective of this first ever study in Tehran and Alborz Provinces of Iran was to determine the seroprevalence and distribution of canine visceral leishmaniasis among dogs living in the urban and suburban areas of these highly populated regions with their new developing cities.
Materials and Methods

Study area
This survey was conducted over a period of 2 years (from July 2008 to october 2010) in 11 counties from two provinces of Tehran and Alborz located across the north of the central plateau of Iran at 35° 40' 19" N, 51°2 5' 28" E and 34° 43' 42" N, 50° 58' 19" E, respectively (Fig. 1 ). Samples were collected from 8 counties (Damavand, Eslam Shahr, Rey, Robat karim, Shahriar, Shemiran, Tehran, Varamin) of Tehran and 3 counties (Hashtgerd, Karaj, Nazar Abad) of Alborz Provinces.The study population was selected by Convenience sampling. The geographical locations, where this study was carried out are shown in Fig. 1 .
Sampling
Totally, 602 dogs living in Tehran (n= 408) and Alborz (n= 194) Provinces were selected for this study. Ages of dogs were determined either by observing their teeth or asking from the owners, all dogs based on their ages put into three classes (0-3, 3-5 and >5 years). After the clinical examination of dogs, blood samples (2.5ml) were taken by venipuncture and put into 10ml polypropylene tubes and centrifuged at 800 x g for 5-10 minutes. Sera were separated and stored at -20 o C. All serum samples were tested by direct agglutination test (DAT) in leishmaniasis laboratory of the School of Public Health, Tehran University of Medical Sciences.
Direct Agglutination Test (DAT)
The Direct Agglutination Test antigens were prepared from indigenous L. infantum [MCAN/IR/07/Moheb-gh. (GenBank accession number FJ555210)] with the methods described by Harith et al. (1989) and Mohebali et al. (2005) . Specific anti-Leishmania antibodies at a titer of ≥1: 320 in sera of indigenous dogs were considered as positive based on previous studies (Mohebali et al. 2011 ).
Data analysis
Chi-square (x 2 ) analysis was used to compare seroprevalence values relative to gender, age, geographical zone, clinical signs and living status of dogs. Data regarding gender and age of some dogs from total population (30/602 and 36/602 respectively) were missing ,thus we did not consider those data in the analysis. Analyses were conducted using SPSS software version 17 (SPSS Inc, Chicago, Illinois, USA), with a probability (P) value of <0.05 as statistically significant.
Results
Eighteen out of 408 (4.4%) of the canine blood samples collected from Tehran Province, and twelve out of 194 (6.1%) from Alborz Province, were seropositive (≥1: 320) by DAT. In general, no statistical significant differences were observed between seroprevalence values found in Tehran and Alborz Provinces (P= 0.35). Sero-prevalence (Titer ≥1: 320) of canine Leishmania infection by gender in Tehran and Alborz Provinces are shown in Table 1 . There was no significant difference among two sexes in both Tehran and Alborz Provinces (P= 0.933 and P= 0.349 respectively). Referring to three age groups, the highest seroprevalence (7.5%) was found in dogs aged 3 to 5 years old compared with other groups (P= 0.023), however there was no statistically significant difference among three age classes in each province (P= 0.134 and P= 0.082 in Alborz and Tehran Provinces respectively). Table 2 shows the seroprevalence (Titer ≥1: 320) of canine Leishmania infection regarding age classes in Tehran and Alborz Provinces. Only 6/30 (20%) of the seropositive dogs showed clinical signs of disease including lethargy, cachexia, skin lesions, alopecia, epistaxis and myopathy and the remaining 80% were asymptomatic. As shown in Table 3 , 11/226 (4.6%) and 1/79 (1.2%) of stray dogs and 7/182 (5.7%) and 11/115 (8.7%) of owned dogs from Tehran and Alborz Provinces were seropositive respectively. There was statistically significant difference between living status and canine VL infection of dogs in Alborz Province (P= 0.018 ). As shown in Table 4 , Shemiran and Karaj counties in Tehran and Alborz Provinces showed the highest seroprevalence (14.2% and 10%, respectively). Moshfe et al. 2009 ). Determination of the prevalence of canine Leishmania infection is necessary to define control measures for zoonotic visceral leishmaniasis (Mohebali et al. 2005) . Reports from neighboring Turkey have shown the seroprevalences of 2.58% and 3.6% (Ozensoy et al. 1998 , Aslantas et al. 2005 , Jaffe showed that the disease was highly prevalent in central Israel and encroaching on urban areas (Jaffe et al. 2004 ), seroprevalence of 18% and 26.6% with DAT and ELISA, respectively have been reported from Pakistan (Rab et al. 1995) . Based on our results, no statistically difference was found between genders. This finding is in consistent with other studies (Mohebali et al. 2001 , Francasilva et al. 2003 , Mohebali et al. 2005 , Farzam et al. 2007 , Moshfe et al. 2008 , Khanmohammadi et al. 2010a ) and in conflict with some others (Dantas-Torres et al. 2006 , Khanmohammadi et al. 2010b , Zaffaroni et al. 1999 . In the present study, the infection was more prevalent in dogs aged 3 to 5 years old. Simillarly, Bokai et al. (1998) showed the highest infection in middle-aged dogs. In the study of Mohebali et al. (2005) dogs aged 8 years or more, showed the highest seroprevalence. The results of the study of Dantas-Torres et al. (2006) showed that the seroprevalence rate was higher among juvenile (≤1 year) dogs than adults (>1 years).
In our study, only 20% of 30 seropositive dogs (titer ≥1: 320) showed the clinical features of disease and the remaining 80% were asymptomatic. Fourteen (46.6%) and ten (33.3 %) seropositive dogs in Tehran and alborz Provinces respectively were found asymptomatic which is in agreement with other studies reporting similar results (Mohebali et al. 2005 , Moshfe et al. 2008 , Dantas-Torres et al. 2006 ).
There was statistically significant difference between living status and CVL infection of dogs in Alborz Province (P= 0.018). It seems that the owned dogs in this province, were much more likely to be exposed to Leishmania infection than stray dogs. Owned dogs in Tehran Province also showed higher prevalence than stray dogs for CVL, but their difference was not significant (Table  3) . Despite lower prevalnce for CVL in owned dogs population of Tehran Province, difference between two provinces in the same category was not significant (Table 3) . Seroprevalence values of 6.1% and 4.4% for Leishmania infection among dogs in Alborz and Tehran Provinces, respectively, reflect the significant risk of exposure for both healthy dogs and human population in these regions. If lower cut-off value was considered (<1: 320) the prevalence should have been more than the current findings. Only 20% of the seropositive dogs were symptomatic. Since asymptomatic Leishmania-infected dogs as well as symptomatic ones, have a potential role in the maintenance of L. infantum infection (Moshfe et al. 2009 ), finding and reporting such number of infected asymptomatic dogs in these provinces of Iran for the first time should be considered as a risk from both veterinary and public health aspects. Among the localities, Shemiran (14.2 %) in Tehran Province and Karaj (10%) in Alborz Province had the highest prevalence rates.
Conclusion
Based on our survey these provinces especially those localities and suburbs with higher seroprevalence should be regarded as new endemic foci for CVL in Iran. The huge population living inside these areas particularly in new developing cities around both provinces, should be considered as at risk population.
